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Summary: 
This memo summarizes the latest progress in work on NRL 0.5 MJ-class FTF target.  
Since the last discussion, 1D performance issues have been resolved. The 1D 
performance issues inadvertently resulted from an effort to carefully compare the Lasnex 
and Hydra target simulations.  The work has been expanded to 2D simulations of linear, 
single-l-mode growth simulations. The 2D simulations of mode growth in the linear 
regime indicate the target has a peak mode growth of around 1500x occurring near l=125. 
 
1D performance summary: 
In the fall of ’06, the two LLNL simulations disagreed modestly in performance: the 
Hydra simulations giving anomalously higher yields than Lasnex or even the FAST 
simulations.  The input decks for both simulations were carefully reviewed.  In the 
process of doing so, the simulations were stripped of complexities that may have 
introduced differences in target performance due to subtleties in the differences in which 
the physics was implemented in the two models.  This included changing the EOS model 
from an older QEOS model to a more relevant, less-compressible, tabular LEOS model 
(see previous memo for details).  It also included changing several input parameters and 
simplifying the radiation transport binning.  In the spring of ’07, the LLNL team had 
targets that did not burn unless the drive energy was dramatically increased (>60%).  
Initially, this increase was erroneously attributed to the newer, less-compressible EOS 
model.  Subsequent perusal of the older, working decks and comparison with the recent 
decks revealed that the final state of the radiation transport model was oversimplified.  
The initial models had the radiation spectrum divided up into 90 bins.  In intermediate 
cases the radiation transport was turned off completely.  When the radiation transport was 
turned back on, one bin was used (i.e., the radiation spectrum was assumed to be 
Planckian).  This is why the target simulations stopped working.  The multi-group 
radiation diffusion model has been re-implemented; although, 90 bins are more than are 
needed to accurately keep track of the radiation diffusion. 
 
Target specs: 
 
Initial temp: 1e-6 keV 
 
Initial geometry: 
Region At. fracts Density(g/cc)   Radius (cm) Thickness 
DT gas 1:1  2e-4    0.0852  0.0852 
DT fuel 1:1  0.2564    0.1058  0.0206 
CHDT Abl 1:1:5.94:5.94  0.3312 (100mg/cc foam)  0.1189  0.0131 
CH shell 1:1  1.070    0.1194  0.0005 
 
We employ a foam ablator density of 100mg/cc (GA recommended minimum density for 
practical fabrication); a 40 mg/cc foam ablator similar to that of NRL was also run but the 
results will not be discussed here except to mention that there were no surprises in the 
performance. The only other small difference was DT ice density of 0.2564 vs. 0.2500. 
 
EOS model: 
 
For the DT gas and ice layers the EOS of choice was the LEOS table #1018 (same as 
NIF), which is the one benchmarked to Sandia and Russian data (see March ’07 memo 
for references).  It is less compressible than original QEOS model used.  This is not the 
cause, as previously thought, of the decrease in the robustness of the 0.5 MJ target 
simulations.  The choice of EOS for the ablator layer was less obvious.  Hydra currently 
does not support mixing tabular LEOSes within a region.  And, there is no LEOS table 
for 100 mg/cc or 40 mg/cc wicked DT CH foam.  Therefore, the choices are to stick with 
the older QEOS model that we know to be somewhat more compressible or to use the 
LEOS table for DT in the ablator.  For the results in this memo, we have chosen to use 
the older QEOS model. 
 
Critical Hydra Parameters: 
Over the course of the past year, an effort was made to minimize discrepancies between 
Hydra and the other models (LASNEX & FAST) not just in the geometry of the source 
and target but also in the various parameters passed to the models.  A careful audit of the 
parameters used uncovered some discrepancies.  Below is a list of critical parameters that 
were discussed and their latest values in the Hydra simulations. 
 
Parameter Value Comment 
rflxm 1.e20 Radiation flux limiter: equivalent to Perkins' value of 0. 
This value essentially turns off radiation flux limiter; a 
setting of 0 would inhibit all radiation flux 
eflxm 1.272/.10 Electron flux limiter: equivalent to NRL's value for the 
electron flux 
iflaser 3 Spherical source (purely radial rays) 
rncrs 1.4e-18         
(for all regions) 
Regional neutron scattering cross section 
 
1D results: 
 
With the proper parameters, EOS model and radiation transport granularity, it was easy to 
achieve target performance similar to that achieved in the NRL point design.  The laser 
pulse shape, after shock timing, appears in Figure 1.  Note: we are still using a 
spherically-symmetric source, so all rays are radially-incident, there is no laser imprint 
(for 2D) and there is no “zooming” of the focal spot. 
 
 
 
 
  
Integral values: 
 
 
The data presented in this memo continued to use 90 bin multi-group radiation diffusion. 
But, much effort has gone into optimizing the radiation transport binning granularity for 
simulation run time.  At 90 bins, 90% of the computational cost is in the radiation 
transport.  Figure 5 illustrates the relationship between the material opacity and radiation 
spectrum (sampled with the full 90 bins).  The goal, of course, is to minimize the number 
of bins without under-sampling the spectral features.  Note the features near 0.3-0.4 eV. 
 
2D performance: 
 
With the 1D target shock-timed, 2D simulations of perturbation growth were performed. 
2D single mode linear stability analysis was performed by applying a small perturbation 
(1.0e-9cm amplitude) on outside of ablator, feathered to zero at the fuel-ablator interface.  
The 5 micron outer shell was conformally mapped onto the outside of the perturbation.  
The mode amplitude at both the ablation front and the fuel-ablator interface were tracked 
during these simulations.  The simulations ran with low (numerical) noise as measured by 
comparing the mode shape at time t to the shape at time zero (see examples in Figure 6 
and 7 for l=25 and l=125, respectively). 
 
The mode growth as measured by the ratio of the mode amplitude at peak kinetic energy 
to the amplitude at time zero, is plotted in Figure 8 as a function of l mode number.  It 
peaks around l = 125 after going through a sign reversal between l = 75 & l = 100.  The 
mode amplitude is characterized three different ways: by the mesh perturbation at the 
ablation front and by the integral rho-R perturbation integrated out to the ablation front 
and also to the edge of the problem. The location of the ablation front is defined to be the 
mesh node for which the gradient in density is a maximum.  In the figures in the appendix 
of the time-dependence of the perturbations, the blue curve is the integral up to the 
ablation front and the cyan curve is the integral over the whole problem.  The integral 
rho-R perturbation up to the ablation front goes through a phase shift but that over the 
whole problem does not.  There does not seem to be a strong dependence on the choice of 
upper limit of integration.  The amplitude of the perturbation measured at intermediate 
positions goes through a smooth transition from one value to the other.  
Appendix (Figures): 
(see accompanying documents for additional figures – e.g., plasma radial profiles versus 
times and a set of time dependent growths for each l-mode) 
 
Figure 1: Laser power (in TeraWatts) as a function of time (in nanoseconds) after 
shock timing. 
 
Figure 2: 1D target geometry (cm) as a function of time (ns). yellow = DT gas, red = 
DT fuel, green = CHDT ablator, blue = CH shell 
 Figure 3: In keV, on-axis ion temp (B) the density-weighted ion temp (C) and the 
integral rho-R x10 (D),  as functions of time (ns). Max rho-R = 1.64 at 8.7 ns and 
max ion temp = 63 keV. 
 
Figure 4 Radial slice at ignition of normalized density (B), ion temp (C), electron 
temp (D), pressure (E), velocity (F) and integral laser deposition (G) (see 
accompanying document for details and radial slices at other times). 
 Figure 5: Opacity of DT in target (A, red dot)  and radiation density (C) as a 
function of energy (in keV). 
 
Figure 6 l mode = 25, the peak-to-valley mode aplitude in cm at the ablation front 
(B) and fuel-ablator interface (C)  and the rho-R perturbation (D) as a function of 
time (in microseconds).  Also plotted is the chi-square fit of the mode at the ablation 
front. 
 Figure 7: l mode = 125, the peak-to-valley mode amplitude in cm at the ablation 
front (B) and fuel-ablator interface (C)  and the rho-R perturbation (D) as a 
function of time (in microseconds).  Also plotted is the chi-square fit of the mode at 
the ablation front (E).  See accompanying document for figures for other mode 
numbers. 
 
Figure 8: Mode growth factor as a ratio of the amplitude of the mesh perturbation 
at peak velocity to its amplitude at t=0 ns (red). Note: negative mode growth 
corresponds to a net phase change. Growth factors of the amplitude of the integral 
rho-R perturbation with the upper limit of the integral at the ablation front (yellow) 
and at the edge of the problem (blue). 
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